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We describe the procedure of the construction of a sample of distant (z > 0.3) radio galaxies 
using the NED, SDSS, and CATS databases. We believe the sample to be free of objects with 
quasar properties. This paper is the second part of the description of the radio galaxies catalog 
we plan to use for cosmological tests. We report the photometric parameters for the objects of 
the list, and perform its preliminary statistical analysis including the construction of the Hubble 
diagrams. 
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1. INTRODUCTION 

The improved quality of observations and parame- 
ter simulation marks the approaching era of preci- 
sion cosmology (as M. Longaire named it in 2000 in 
Manchester). The recent space and ground-based ex- 
periments [U |2] have provided a wealth of data for 
measuring the parameters of the Universe and con- 
structing a self-consistent cosmological mode. Nev- 
ertheless, checking whether the ACDM paradigm is 
compatible with other tests remains a priority task, 
as the current accuracy of the parameter determina- 
tion (H , Qaj Qdm, fib, fife) etc-) still leaves the pos- 
sibilities open for an existence of other models [3] . We 
place radio galaxies among the most interesting ob- 
jects for independent tests of the above parameters. 
Radio galaxies are between the most luminous galax- 
ies known, and can hence be studied at large redshifts, 
and thereby used to probe the state of the Universe 
in other epochs. Of great importance for the study 
of radio galaxies is the fact that their parent objects 
are giant elliptical galaxies (gE), which can be used 
as standard candles/rulers 4 at the initial stage of 
selection. Identification with gE is important both for 
tracing the evolution of stellar systems at large red- 
shifts, and searching for distant groups of galaxies or 
protoclustcrs in centers of which they reside, as well 
as studying mergers and interactions, which can be 
singled out by the manifestations of galactic nuclear 
activity. Parameters, determined from observational 
data, include the age of the galaxy [5J EE [7] , which is 
limited by the age of the Universe — it cannot exceed 
the latter, since galaxies need certain time to form 
after the birth of the Universe. The age of the Uni- 



verse, in its turn, is determined by the Hubble param- 
eter. One of the specific features of radio galaxies that 
makes them convenient objects for chronometric es- 
timates is an almost passive stellar evolution of their 
parent galaxies even at large redshifts (z ~ 4) [9] , 
which allows estimating the ages of the systems. 

When constructed, a complete distribution of ra- 
dio galaxies on their redshifts z can be used not only 
to study the luminosity function of these objects, but 
to investigate the formation of supermassive black 
holes at the galactic centers, and the dynamics of the 
expansion of the Universe. According to the obser- 
vational data of Disney et al. [ID] , the physical pa- 
rameters of radio galaxies (total mass, baryon frac- 
tion, age, luminosity, etc.) are intercorrelated, and 
this fact should make it easier to use gE type galaxies 
in cosmological studies, provided that all these ob- 
jects formed at the same epoch. However, to address 
such tasks, one needs the most complete sample of 
radio galaxies possible in different redshift intervals. 

The aim of this paper is to construct a sample 
of radio galaxies in the redshift interval of z > 0.3. 
It is the second part of the catalog published after 
the Paper I [II], and contains the catalogued optical 
data for radio galaxies adopted from other available 
sources. 

Paper I describes the construction of the sam- 
ple using the NEE0 and CATS^ databases, and 
applying selection procedures, that results in sin- 
gling out a total of 2442 objects. The list of ob- 



1 |http : //nedwww. ipac . caltech.edu 

2 http : //c ats ■ sao .ru| 
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jects in Paper I also contains the names of the ini- 
tial catalogs from where we adopted the data for 
the objects (and the names of radio sources in case 
of the 3C and 4C surveys), equatorial coordinates 
(J2000.0), and spectroscopic redshifts. Note that the 
catalog of selected galaxies also contains objects from 
other lists, including the sources with ultrasteep spec- 
tra (a < —1.0, S ~ v a ). These very objects are char- 
acterized by a high percentage of distant radio galax- 
ies [HI US El US HS1 HZ|. The most distant ra- 
dio galaxies with redshifts z > 4.5: z = 5.199 [18] and 
z = 4.514 [19] have been discovered using this very 
criterion (except one discovered at z = 4.88 with use 
of L a -line by Jarvis et al. [ID])- We cross- identified 
the selected radio galaxies with the CATS radio cat- 
alogs, and computed the spectral index at 325, 1400 
and 4850 MHz. 

In Paper I we as well constructed for our sam- 
ple the "spectral index-redshift" (a(z)) relation, and 
other diagrams and distributions. 

Herein we report similar statistical data for the 
results of optical observations initially catalogued in 
the NED and SDSS databases. Note that photometric 
estimates of the parameters of giant elliptical galax- 
ies can be used for a number of cosmological tests, 
such as the Hubble diagram "magnitude-z" (K-z) 
8 J , or the "age-z" diagram [21] . There are a number 
of tests that allow the parameters and evolutionary 
characteristics of the Universe to be estimated based 
on the radio data (see, e.g., [22 ] I25 [ 123] ) . 

As we pointed out above, this is the second pa- 
per of the planned series of three papers dedicated 
to the construction of a sample, and to the statisti- 
cal analysis of the catalog of radio galaxies, including 
the objects with spectroscopically measured z, emit- 
ting at radio frequencies, and having optical photo- 
metric data. In the future, we plan to use the physical 
parameters of the catalog objects to perform the cos- 



mological tests mentioned in Paper I [11] . 



2. THE CATALOG 

2.1. Description of the Catalog 

In this paper we describe the second part of the list 
of radio galaxies, which contains optical magnitudes. 
The data are listed in the Table presented in the Ap- 
pendix. The columns of the table give the names of 
the objects and their magnitudes. The complete cat- 
alog is available from the CATS database), and CDS 
ftpQ, CDS database!. In the table we use standard 
designations for the passbands in which the magni- 
tudes are measured: the SDSS filter^ u, g, r, i, and z; 
the passbands of the Johnson and UKIDSS systems: 
R, U, B, V, G, H, I, J, K, R, and Z; the Gunn sys- 
tem filters r<3 and ic', the Hubble Space Telescope's 
filters F160W, F775W, F850LP, F702W, F606W and 
F814W; the ultraviolet filters FUV and NUV with 
the 1150-1700A and 1575-3110 A passbands, respec- 
tively; and the Palomar Atlas photographic magni- 
tudes of the blue and red plates O and E. 

The coordinates of the selected radio galaxies are 
listed in the Table presented in the Appendix to Pa- 
per I. Figure 1 shows the positions in the sky for these 
objects. 



2.2. Statistical Analysis of the Sample 

We already pointed out in Paper I that our list of 
galaxies is neither complete in terms of sky cover- 
age, nor homogeneous in terms of sensitivity and 



3 |ftp://cats.sa o . ru/pub/CATS/RGLIST] 

4 ftp : //cdsarc . u-strasbg . f r/pub/cats/ J/other/AstBu/64 . 276 



5 http : //cdsarc .u-strasbg. fr/cgi-bin/VizieR?-source=J/other/AstBu/64 . 276 

6 The SDSS magnitudes are given in the AB system as defined 
by Petrosian |25) . 
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Figure 2: Left to right, top to bottom: histograms of the H, I, J, K, R, V, g, r, u, i, and z-band magnitudes. 



frequency intervals, as the sample contains objects 
drawn from different catalogs and unconnected sky 
areas. Figure f demonstrates the positions of the se- 
lected galaxies in the sky. The most complete and 
homogeneous subsample of the list contains objects 
from the SDSS survey, highlighted in Fig. 1 with 
a different marker. The SDSS radio galaxies (the 



NVSS [26] and FIRST [27] radio data) include many 
objects with small redshifts (z < 0.5) and small fluxes 
(S < I5mJy), making this subsample distinguish it- 
self quality-wise among other subsamples. 

We performed a preliminary statistical analysis of 
our list and present the results in Figs. 2 and 3. Fig- 
ure 2 shows the histograms of the magnitude distribu- 
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Figure 3: Left to right, top to bottom: the "magnitude-z" Hubble diagrams for the H, I, J, K, R, and V 
passbands. The galaxies from groups (1) and (2) are marked with crosses and 



CATALOG OF RADIO GALAXIES WITH z > 0.3. II: Photometric Data 



291 




4 - 




Figure 4: Left to right, top to bottom: the "magnitude-z " Hubble diagrams for the g, i, r, u, and z passbands. 
The galaxies from groups (1) and (2) are marked with crosses and circles, respectively. Regression relations 
mag(z) are derived for the g, i, r, and z-band magnitudes. 



292 



M.L. Khabihullina, O.V. Verkhodanov 




17 19 21 23 25 16 17 18 19 20 21 



m g , mag m z , mag 

Figure 5: The Hubble diagrams for the g- (left) and z-band (right) filters. The galaxies from groups (1) and 
(2) are marked with crosses and circles, respectively. The regression lines emphasize the two object populations 
identified. 



tion in the H, I, J, K, R, V, g, i, r, u, and z passbands. 

It is evident from this figure that the magnitudes 
of the objects have different distributions in different 
filters. However, the fact that for many radio galaxies 
there exist measurements in more than three filters 
will make it possible in the future to estimate the 
age of the stellar populations in these galaxies. In 
our analysis of the sample we subdivided the sources 
into two groups: (1) those with the semimajor axes 
greater than 29", and (2) those with the semimajor 
axes smaller than 29" (data adopted from the NVSS 
catalog). Here 29" is the median semimajor axis (ac- 
cording to NVSS) of the sources of our sample. In 
Figs. 3 and 4, the galaxies from groups (1) and (2) 
are marked with crosses and circles, respectively. We 
made such division in order to search for eventual 
physical differences between radio galaxies depending 
on their radio sizes, what could be of help in the stud- 
ies of giant radio galaxies [55]. However, it is evident 
from the figures that the diagrams for the subsamples 
selected based on this parameter differ insignificantly. 

The g, i, r and z-band magnitudes show linear de- 
pendencies mag(z), which we derived based on the 
mean values averaged inside the Az = 0.5 wide bins. 
The regression relation can be described by the law 
z = p + qx, where z, p and q are the redshift, in- 
tercept, and slope of the linear relation, respectively. 
The Table above lists the parameters of the regres- 
sion relation for the g, i, r, and z filters. We see no 
variation of redshift with magnitude changes in the 



Table 1: Table. Parameters of the regression relation 
for the g, i, r, and z filters. Two populations denoted 
by subscripts 1 and 2, are identified for the g and z 
passbands, respectively. 



Filter 


P 


q 


gi 


-2.15 


0.12 


g2 


0.08 


0.02 


i 


-2.34 


0.15 


r 


-2.20 


0.14 


Zl 


-2.01 


0.14 


Z2 


0.43 


0.003 



u-band. Moreover, two populations of objects charac- 
terized by different regression relations can be iden- 
tified in the g and z filters (see Fig. 5). 

Below we list the radio galaxies that do not fit 
within the general relation in the Hubble diagrams: 



2MASX 


J15542080+2712295 


(z- 


=1.439), 


TXS 


0828+193 


(z- 


=2.572), 


SDSS 


J162626.28+371441.6 


(z- 


=2.656), 


SDSS 


J110245.80+602830.6 


(z- 


=2.111), 


SDSS 


J143631. 27+431124.7 


{z- 


=4.261), 


SDSS 


J082907.43+064546.0 


{z- 


=2.224), 


SDSS 


J074324.07+233626.0 


{z- 


=2.480), 


SWIRE 


J104528. 29+591326.7 


(z- 


=2.310). 
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3. CONCLUSIONS 

We report the second part of the radio galaxies cat- 
alog with redshifts z > 0.3, which contains complete 
information on the magnitudes of the objects. The 
catalog is based on lists of objects from the NED and 
CATS databases. Our sample includes the SDSS ob- 
jects, and the objects from the "Big Trio" program. 
We perform a preliminary statistical analysis of the 
distributions of individual magnitudes. The catalog 
will serve as a basis for further studies of the ages of 
distant radio galaxies. We constructed the Hubble di- 
agrams for 11 filters, and determined the parameters 
of linear regression for the g, i, r, and z filters of the 
SDSS survey. In addition, two populations of objects 
characterized by different regression relations can be 
identified in the g- and z-band filters. 
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